THE material examined consisted of brains sent from France during the war. It comprised: (1) Four cases of shock from shell wounds with extensive laceration of 'the tissues and compound comminuted fracture. (2) A case of death from shock caused by extensive petrol burns. (3) Shock from bruising of heart and trivial shell wounds.
Microscopical Examination.
Motor CorteX stained by the Nissi Method.-The pyramidal cells of the different layers show marked perinuclear chromatolysis; the Nissl granules in the other parts of the cells do not stain well, and are clumped together in an irregular manner. In many of the cells the nucleus is swollen, in others the nuclear membrane is broken, also the cellular membrane. Some of the cells show a number of vacuoles in the cytoplasm. The perinuclear chromatolysis is most marked in the Betz cells. In many of the cells the nuclear membrane is so indistinct that the nucleus seems to merge into the cytoplasm of the cell. In some of the cells the chromatolysis is so complete that only a small amount of basophil substance can be seen forming a fringe on the periphery of the cell. This condition is very well seen in the Betz cells, where Mott and Uno : " Surgical Shock " there is complete chromatolysis, except for the fringe of granules around the periphery of the cell.
The nucleus is so swollen in many of the cells as to appear to occupy nearly the whole of the cell, and in many others the nucleus is excentric. In most cells the pericellular space is dilated and occupied by phagocytic cells. All the cells show some degree of change and in no place is it possible to find a cell which shows the normal staining reaction or normal Nissl granules.
By the Van Gieson method many of the vessels are seen to be collapsed and empty, with the perivascular spaces distended, presumably filled with the cerebro-spinal fluid. Very few of the vessels contain any blood (8ee photomicrograph, fig. 1 ). Frozen Nissl granules clumped irregularly at the periphery of the cell. (Magnification 200.) sections of the cortex stained by the Scharlach R. and the Nile Blue methods show fat granules in many of the small vessels in the white matter. There d6 not appear to be any lipoid granules in the nerve cells. * Medulla 8tained by the Ni*8s Method.-The cells in the medulla show changes similar to those observed in the cortex. Some nuclei are more affected than others. The dorsal nucleus of the vagus shows marked perinuclear chromatolysis, swelling of the nucleus, and the Nissl granules are clumped irregularly at the periphery of the cells (8ee photomicrograph, fig. 2 ). In some of the cells the nuclear and cellular membrane is broken.
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-Stained by the Van Gieson method, some of the vessels are seen to be collapsed and empty, whilst others contain plenty of blood. There is the same distension of the perivascular space as seen in the cortex, and many of the vessels show an extravasation of blood into the perivascular space, and in some places the blood has penetrated into the surrounding tissue and formed a haemorrhage. By the Scharlach R. method some e of the vessels show fat emboli (see photomicrograph, fig. 3 , and Plate I, fig. 1 and show a certain amount of chromatolysis. The Nissl granules stain very poorly and are massed together at the periphery of the cell in an irregular dust-like manner. The nucleus is also swollen, and in many cases the nuclear membrane is broken. The granules also appear very pale and do not show the normal staining reaction. Van Gieson.-By this method there does not appear to be the same vascular change as that observed in the cortex and the medulla. Scharlach R.-The sections examined do not show any fat emboli, nor any lipoid granules in the cells of any of the preparations. WOUND SHOCK (SURGICAL SHOCK).
Case II.-Admitted on April 30, 1918, with a severe compound fracture of the femur from gunshot wound of the right thigh. The wound was a huge one through * the upper part of the thigh, and the trochanters of the femur were involved in the smash. The muscles in the upper part of the thigh were very extensively lacerated. On admission the man was very cold, and no pulse could be felt at the wrist. Intravenous injection of 6 per cent. gum solution, combined with stoving, &c., made not the slightest differ.ence. He died at 9.45 p.m. on the day of admission, probably about eight or at the most ten hours after being wounded. There had been considerable hoemorrhage from the wound in this case, but the femoral vessels were intact. At autopsy the brain was wet. Nothing else abnormal except the brownish dirty appearance of the medulla of the suprarenals.
Microscopical Examination.
Motor CorteX stained by the Nissi Method.-The majority of the small and large pyramidal cells do not show such a marked chromatolytic change as seen in Case I; probably the time which elapsed between the injury and death was shorter and accounted for this fact. Many of the cells show a fair amount of basophil substance, although it is not arranged in the normal Nissl pattern but is clumped together in an irregular manner. The nucleus is not very distinct and seems to merge into the cytoplasm of the cell. Most of the cells show a marked vacuolation of the cytoplasm. Amongst these cells there are a number of cells which can hardly be recognized as cells, as they are almost completely destroyed, only a faintly stained outline being seen. All the pericellular spaces are dilated and contain a number of satellite cells. Some of the largest pyramidal cells do not seem as much affected as the medium and small; they seem to retain their corour better, although all of them show some degree of chromatolysis. The Betz cells seem to be the least affected, some of them showing very little change in appearance, whilst others in the same group show more marked chromatolytic changes (8ee photomicrographs, figs. 4 and 5). Cortex: Van Gieson Method.-Some of the capillaries are collapsed and empty but not nearly so marked as in Case I. The larger vessels seem to be quite normal in appearance and are filled with blood, and this also applies to the vessels in the meninges. No hEemorrhages are seen, but a few show an escape of blood into the perivascular space.
Cortex: Scharlach R. Method.-Many of the pyramidal cells show fine lipoid granules in the cytoplasm. This is especially marked in Betz cells which show quite a large collection of lipoid granules in each cell. A few small fat emboli are seen in some of the smaller vessels in the grey matter. Two or three small hEemorrhages are seen in the sections stained by Scharlach. Bambuance Whenseen Setonsadmissio aftertheljourtaney byScatheatient was merho show a fewfat emboli WOUND SHOCK.~~~P PHOTOMICROGhenAPHe FIGadmisecion ofterethellm 'Threey fca the purkinen celsvr pale and quite pulseless. He was transfused with 500 c.c. of blood from a suitable donor, but never showed any sign of rallying. He died the day after admission, about twenty-four hours after the wound. Nothing abnormal found at autopsy. Brain in this case firm and rather dry. This fact may be correlated with the statement that he was very pale and although it is not stated in the notes, there had probably been great loss of blood.
Microscopical Examination. Van Gie8on Method.-Many of the small vessels and capillaries are collapsed and empty with dilatation of the perivascular space. Some of the smaller vessels are filled with blood and in some vessels there is an extravasation of blood into the dilated perivascular space due to the rupture of the vessel wall. In some places the blood has penetrated into the surrounding tissue and formed small hEemorrhages. Scharlach R.-A few small fat emboli are seen in the capillaries and small vessels. Medulla: Ni8sl Method.-The cells in the dorsal and ventral nuclei show similar changes to those seen in Cases I and II. There is a marked chromatolysis, only a small amount of basophil substance remaining at the periphery of the cell. The nucleus ig swollen, indistinct and excentric (8ee photomicrograph, fig. 11 , dorsal nuclei). The cells in the adjacent hypoglossal nucleus are quite normal in appearance, with the Nissl granules staining well and quite distinctly. Case IV.-AVounded on May 3, 1918. Admitted the same day with right leg cornpletely crushed, and compound fractures of tibia and fibula. The missile was a large fragment of shell. There had been a little hemorrhage in this case owing to the nature of the injury, but on admission the man was absolutely pulseless, pallid and very cold. In spite of all treatment he never showed any sign of rallying and died at 10.30 a.m. on May 4.
Autopsy very soon after death. No abnormalities were found, but here again the brain substance was quite abnormally wet. Microscopical Examination. Motor Cortex: Nissi Method.-In this case only the cerebrum was sent, so no examinations could be made of the medulla and cerebellum. The small and medium size pyramidal cells show varying degrees of chromatolysis; most of them are stained very faintly; the nucleus is indistinct and so swollen that it often occupies the whole of the cell. There is very little basophil substance to be seen, and many of the cells show vacuolation of the cytoplasm. The pericellular space is dilated and contains satellite cells. There are, however, a few cells which are well stained and in which the Nissl granules are quite distinct. Some of the large pyramidal cells show a more marked change. The Nissl granules are absent and only the faint outline of the cell can be seen. Th Betz cells seem to be least affected of all; mQst of them are well stained and there is only a slight degree of chromatolysis as compared with the pyramidal cells. "nutmeg " appearance. Spleen, pancreas, adrenals had normal appearance. Stomach and intestines normal; no evidence of nmesenteric disease. General anmemia. Kidneys, very pale.
Brain was fixed in 10 per cent. formalin solution; after flushing with saline solution it was injected with fornalin solution.
Microscopical Exam.ination. Cerebellum (Van Gieson) .-Vessels empty, perivascular and perineuronal spaces well marked; vessels mostly empty, but here and there, instead of being collapsed, a capillary or even a venule can be seen filled with blood with perivascular space. This space can sometimes be seen crossed by fine trabecuh2e, and it is found continuous, with a space around the large dendrons of the Purkinje cells. Cells of Purkinj'e arIe stained unequally; some show a normal amount of basophil substance, in others there is a variable deficiency, from slight and marked to even very marked. Compared with death from anesthetic there is some chromatolysis.
Medulla (Van Gieson) .-Vessels same as above. Cells: General diminution of basophil substance in the cells of the medulla; no definite group affected.
Cortex.-Vessels similar. General diminution of basophil substance in cells. No change in form of cells.
The appearance of the cells of the central nervous system is indicative of a general condition of exhaustion rather than a special neuronic group or system change. The nuclei are large, pale and distinct. The blocks of chromatin are smaller, more separated and less numerous than normal even in the large cells.
The group of cells of the vagus dorsal nuclei presents a contrast in staining under a low power to that seen in the case of death under anmesthetic. There is a chromatolysis indicative of exhaustion.
Conclusion.-Several factors conspired to produce shock, viz., the emotional effect of the burst of the shell, the multiple wounds, and, most important of all, the bruising of the heart. Probably a piece of the shell struck the chest wall when the heart was in systole against the chest wall. Post-mortem (two hours after death).-Brain and upper three segments of cord put at once into 9 per cent. S.V.R. The vessels were very full of darkly venous fluid blood. Al blood in body seemed very fluid, no clots seen at all. Heart contracted, seemed rather unduly hard and firm; ventricles empty. Auricles emptied at once of fluid blood. (Heemoglobin in vein blood, 100.) Liver engorged, more noticeable than other organs, almost nutmeg appearance. Duodenum normal. Lung8 some venous congestion, but not very marked. Urine no discoloration by blood; trace of albumin. Reduces Fehling (colour cbange without definite precipitate). No acetone. Right kidney, left kidney and suprarenal, liver, heart (left ventricle): Specimen pieces sent in 9 per cent. S.V.R.
The results of examination of the blood by the estimation of heemoglobin favours Cannon's exeemia theory of shock.
Mticroscopical Examination.-The brain had been hardened in alcohol and was not in a very good condition, the alcohol not having penetrated sufficiently. Consequently, only certain portions selected could be utilized for microscopic investigations. The appearance of the brain suggested dilated and congested superficial veins with sub-pial haemorrhage. The microscopic findings showed that this was pretty universal though in unequal degrees over the whole surface of the brain. The portions of the brain selected, namely, the central convolutions for the Betz cells, the lateral lobe of the cerebellum with dentate nucleus, the pons, medulla, and cervical segment of the spinal cord, were prepared by the paraffin method for sections. The sections were 5 ' in thickness. They were stained by Nissl, polychrome and eosin and Van Gieson methods.
The following is a summary of the microscopic findings: Vascular Changes.-The superficial veins are everywhere greatly distended and congested, and there are many scattered sub-pial hemorrhages. As a rule, the haemorrhages are only superficial, but one considerable haemorrhage was found in the lateral lobe of the cerebellum, near the dentate nucleus. There are no punctate hbemorrhages in the white matter of the brain, such as occur in CO poisoning and shell concussion. In many places, both in the cerebrum and cerebellum, but to a less degree in the pons and medulla, there is evidence of collapsed arterioles, venules and capillaries with dilated perivascular spaces. These perivascular spaces can be seen to have connexion with the perineuronal spaces. The appearances present a great similarity to those which I have observed in the brains of animals subjected to ligation of all four arteries of the brain.
The superficial veins of the cerebellum are gorged with blood. There are scattered patches of haemorrhagic extravasation beneath the pia arachnoid; many of the small arteries, capillaries and venules are collapsed, empty, and surrounded by a dilated perivascular space (see photomicrographs, figs. 12 and 13, pp. 32, 33) . a fair blood-pressure and later a great fall in the blood-pressure, for the pulse was hardly perceptible. Two injections were given, one of saline and digitalin, and later one of gum solution, without any beneficial effect.
The collapsed arterioles and venules of the brain are consistent with the great fall in blood-pressure.
The distended superficial veins and sub-pial hemiorrhages are doubtless due to regurgitation of blood from the venous sinuses, to fill up the space caused by the empty vessels in the closed cavity.
The naked-eye changes and the iicroscopic changes in the blood-vessels and in the ganglion cells are similar to those observed in anemia of the brain caused by ligation of the arteries. The histological appearances resemble those of shell concussion, except for the fact that I did not discover any punctate hemmnorrhages in the white matter.
It will be observed that the anterior horn cells of the spinal cord showed distinctly less change than the cells of Purkinje and those of the pons and mledulla. Doubtless the low blood-pressure affects the circulation in the brain more than the circulation in the cord.
The post-mortem evidence showed marked venous congestion of the organs, especially the liver and the right side of the heart, which accords with the above explanation. (1) NAKED-EYE APPEARANCES OF THE BRAINS IN SURGICAL SHOCK. We have found that certain similar conditions indicative of cerebral anaemia have been noted to exist in the brains of cases of fatal shock, whether primary, due to shell concussion, or secondary shock following cases of (1) extensive burn, (2) severe gunshot wounds with fracture of bones and much laceration of tissues, and (3) contusion of heart and slight gunshot wounds (one of the four instances of surgical shock), (4) extensive shell wounds. In most instances there was a wet condition of the brain; in one case (Case III) in which the patient probably died of hBemorrhage following amputation, the brain was noted as being dry. In a few cases the superficial veins were noted as being congested at the post-mortem. Similar conditions in the brains of animals after ligation of all four vessels have been described by one of us (F. W. Mott). They indicate a deficiency of blood in the brain, its place being taken by regurgitated blood from the venous sinuses and by cerebro-spinal fluid.
(2) SUMMARY OF THE RESULTS OF THE MICROSCOPICAL EXAMINATION OF THE BRAIN IN SURGICAL SHOCK.
Microscopical examination in all these cases of shock revealed (1) many empty collapsed vessels in the substance of the brain, with dilatation of the periadventitial spaces and perineuronal spaces, both of which are filled with cerebrospinal fluid; (2) a variable degree Qf chromatolysis of the brain cells, most marked and obvious in the autonomic nuclei of the medulla oblongata and less marked in the bulbo-spinal motor nuclei, e.g., the hyoglossal and cervical spinal motor-cells; (3) the smaller pyramidal cells of the cortex are, as a rule, more affected than the large pyramidal and Betz cells; (4) the cells of Purkinje have shown definite chromatolysis and a tendency to take the eosin-acid staining dye in place of the blue basic dye. This confirms the observations of Crile, who noted this change of staining reaction in all forms of shock, whether in human beings or as a result of experimental conditions in animals.
It may be asked, why does this occur with such constancy and intensity in this organ of uniform structure? There are many biological and physiological facts in support of the view that one, and perhaps the most important, function of the cerebellum is that of a large store of neural einergy for reinforcing muscular action. The acidophil reaction manifested by these cells -was used by Crile as one argument in favour of "acidosis" in the production of shock.
In the very remarkable and extensive series of researches which have been carried out under his direction, attention has been directed only to the cerebellum. Other cells of the central nervous system do not show this acidophil reaction. But that " acidosis " is an essential factor cannot be claimed, for intravenous injection of alkaline fluids, e.g., Locke's or Ringer's fluid, does not prevent a fatal termination in cases of shock.
(3) NISSL GRAN-ULES AND NEURAL ENERGY IN RELATION TO SHOCK. Do we possess methods by which we can ascertain the existence of exhaustion of the neural energy of the ganglion cells and biochemical changes upon which can be established a neuropathological theory of "shock " ? Now, although the Nissl bodies are artefacts, yet the amount of this basic chromophil substance may be regarded as an index of the amount of stored energy substance; and to continue this argument we must assume that stimuli arriving at the cell excite the katalytic action of the nucleus and that the stored latent energy substance is thereby transformed into active energy in the form of stimuli, which are transmitted directly or indirectly to muscles and glands through systems of neurons. Now itis obvious that excessive stimulation, when associated with multifarious depressing conditions, may lead to exhaustion by over-stimulation of this latent store of neuro-potential; and particularly is this likely to occur if there is a fall of blood-pressure accompanied by other contributory factors, especially pain and loss of sleep, during the latter of which neural energy is stored. Crile's experiments show that an exhaustion of this kinetoplasm may occur from absence of sleep.
(4) FAT EMBOLISM IN SURGICAL SHOCK. Porter examined the brains of a number of cases of surgical shock caused by extensive gunshot wounds and found fat embolism. He came to the conclusion that this might be the cause. We have found fat embolism in three of these cases of gunshot wound with compound comminuted fractures of large bones and much damage and laceration of the soft tissues, but I do not think it was sufficient to cause a fatal termination, although it may have been a cQntributory factor, seeing that vessels in the medulla contained droplets of fat.
(5) ABSORPTION OF HISTAMINES IN SURGICAL SHOCK. A more important cause of secondary wound shock is the absorption of histamine or toxic substances from the damaged muscles. The arguments advanced in favour of the absorption of toxins derived from damaged muscles are: (1) A number of these men suffering from pure muscle injury have died of shock. It has been established that microbic infection is not an import5nt factor in these cases.
(2) Great improvement may follow rapid amputation of a lacerated limb. (3) Bayliss has shown experimentally that violent damage of the muscles of an animal while under ansesthesia causes shock; but Crile would argue that when you damage a tissue, although that animal may not show any signs of feeling, it is nevertheless receiving nociceptive stimuli, and it is quite conceivable that these nociceptive stimuli reaching the great central station for pain, the optic thalamus, are unconsciously reflected down to the cardiac and respiratory medullary centres. Morphia, carefully administeredand it may be remarked that it is contra-indicated if there is cyanosis-will relieve pain and excitation of the nerve centres and help to prevent shock in severe wounds.
(6) EXPERIMENTS OF DALE ON HISTAMINE SHOCK.
There is experimental evidence that absorption of toxins derived from damaged tissues play an important part in the, production of shock; for Dale has shown that injections of histamines produce shock. In one case, after slow infusion occupying an hour, death took place from failure of the vital centres. During that time the cells had used up a certain amount of the basophil staining substance, shown by the comparison of the appearance of the 'cells of the medulla and the large flask-shaped cells of the cerebellum with similar cells in the brain of an animal which died three minutes after infusion at once of the same amount of histamine. In this case of sudden death there was no time for the cells to use their stored energy substance; consequently they present a normal staining appearance. The former experiment would represent what actually takes place in wound shock, viz., a slow poisoning of the vital centres. It may be presumed that in the former there was a slow and progressive fall of the blood-pressure; in the latter there was a gradual fall.
(7) VASCULAR THEORY OF SHOCK: EXAMIA OF CANNON. We have not said anything yet about the vascular theory. It was formerly held that in "shock" the blood-pressure fell, owing to its accumulation in the capillaries and veins of the abdominal organs. But it has been found that this is not the case. There is, however, a concentration of the blood and stasis in the capillaries of the body generally, a condition which Cannon calls ' extnmia." The plasma exudes through the capillary walls into the tissues; and in proof of this concentration is the fact that the heemoglobin index is increased, likewise the blood cell count.
TREATMENT OF SHOCK. Intravenous injection of salines proved useless; in some cases transfusion of citrated blood and gum saline solution, which was introduced on the assumption that it could not escape from the vessels, have raised the bloodpressure and led to recovery; in others, as in the cases in which we have investigated the brains, these measures were unavailing. Crile recommends introduction of fluids by natural methods-e.g., Murphy's drip enema of 5 per cent. glucose and 5 per cent. soda bicarbonate solution. Stimulants seem to be useless, also injection of adrenalin and strychnine.
It seems, therefore, probable that all causes of exhaustion of vital energy predispose to primary and secondary shock. In the case of the wounded in battle, thirst, exposure to cold and wet, delayed evacuation, rough and prolonged transport to hospital, and suffering with acute physical and mental agony conspire together to sap the vital energy, and when in consequence of circulatory failure and toxaemia from damaged tissues, the vital centres of the medulla become refractory and fail to discharge impulses the blood-pressure falls progressively, and eventually, in spite of all remedial measures, the circulation and respiration cease.
In resuscitation from surgical shock practical experience shows that the treatment of the following phenorhena have yielded satisfactory results, viz., (a) the fall of blood-pressure; (b) the fall of the body temperature; (c) the lessening of the volume of the blood. Experience shows that cases of hamorrhage combined, with little shock yield the best results. BIBLIOGRAPHY.
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